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Amount of Storage Required for 100% Renewable ïCA 

Deficit

Surplus

Current
H2 Storage

Pumped
Hydro

21 million
EVs*

* Nissan Leaf Equiv. ς62 kWh

Saeedmanesh, A. Mac Kinnon, M. Brouwer, J., 
Current Opinion in Electrochemistry, Vol. 12, 
pp. 166-181, 2018

Wind Dominant Case
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Resilient Storage & Transmission/Distribution Resource
ÅNatural Gas Transmission, Distribution & Storage System > 99.999% available

Carmona, Adrian, M.S. Thesis Project, 
UC Irvine, J. Brouwer advisor, 2014.

Gas Technology Institute, Assessment of 
bŀǘǳǊŀƭ Dŀǎ Χ {ŜǊǾƛŎŜ wŜƭƛŀōƛƭƛǘȅΣ нлмуΦ 
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Gas System ïMASSIVE Resource for Zero Emissions
ÅFirst mix up to X% ïADD grid renewables & transportation electrification

ÅThen piecewise conversion to pure hydrogen
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Solar Here!

Close valves
Here!
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Gas System ïMASSIVE Resource for Zero Emissions
Å40% of all electric demand ï20 sq. miles of solar, only gas system use 

for H2 storage AND all T&D



NATIONAL FUEL CELL RESEARCH CENTER

Demonstrated Resilience of Fuel Cells and Gas System
Winter Storm Alfred, 10/29/11 Hurricane Sandy, 10/29/12

23 Doosan 

Units

CA Earthquake, 8/24/14

Bloom 
Installation

Data Center Utility Outage, 4/16/15 Napa Fire, 10/9/17

Ridgecrest Earthquakes, 7/4-5/19 Manhattan Blackout, 7/13/19

San Diego Blackout, 9/28/11

Hurricane Joaquin, 10/15/15

Hurricane Michael, 10/15/18

Japanese Super-Typhoon, 
10/23/17


